The sequences of the used 170 bp and 210 bp DNA and acceptor positions (in red) are shown below. Dyad axis is marked with an asterisk (*).To account for the non-palindromic nature of the Widom 601 sequence, we call the left and the right side of the DNA α-and β-side, respectively. Base pairs on α-side are counted with negative numbers from the dyad axis; base pairs on β -side with positive numbers. Dy α : Alexa 594 at -9 bp, DNA length 170 bp Forward strand: Dy β : Alexa 594/Cy5 at + 21 bp, DNA length 170 bp Reverse strand: E α : Alexa 594/Cy5 at -77 bp, DNA length 170 bp Forward strand:
Supplementary Figure 2
DynPDA fit results, calculated equilibrium constants and relaxation times for wt nucleosomes at different salt concentrations. Supplementary Table 3 DynPDA fit results, calculated equilibrium constants and relaxation times for mut nucleosomes at different salt concentrations. Fig. 2A . FRET bursts selection is indicated by wine colored rectangle. Fig. 2A (dashed blue rectangle, 0.8 < S PIE < 0.9). Decay histograms for photons detected in the donor detection channels are shown as dark and bright green lines and for photons detected in the acceptor channels are shown as red and orange lines (parallel and perpendicular channels, respectively). The existence of a second delayed decay in the acceptor detection channels proves that the selected molecules carry both donor and acceptor bright dyes (on the acceptor decay histograms acceptor emission after direct excitation by the delayed red laser pulse around 17 ns is visible). 
Supplementary Note 1 Static and dynamic FRET lines
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Supplementary Figure 5
Dynamic PDA A wt Dy β 100mM NaCl_ Supplementary Fig. 2B ), 400 (E) and 600 (F) mM NaCl.
Supplementary Tables
Supplementary Table 1 : Complete table of global fit results from proximity curves in Fig. 1B , C. Empty fields: parameter not fitted, jointed fields: global parameter.
.00 ± 0.02 -1.00 ± 0.02 -0.28 ± 0.05 -1.0 ± 0.8 -1.00 ± 0.04 -1.00 ± 0.04 P(0)* 1.00 ± 0.03 1.00 ± 0.01 1.00 ± 0.01 1.00 ± 0.02 1.00 ± 0.02 # fixed parameter, * data was normalized to P(0) = 1 and P(0) + P i ) = 0 and refitted 
Supplementary Notes
Supplementary Note 1: Static and dynamic FRET lines
All MFD plots (Fig. 3A, B, D, E) for Dy β and mutDy β (Alexa488 and Cy5) are presented with static and dynamic FRET lines, to demonstrate the presence of static and dynamic fractions in the data. Each population exhibits kinetic exchange faster than the molecular dwell time (< 10 ms) within the bursts. The theoretical dependence between FRET efficiency and species weighted average donor fluorescence lifetime in presence of acceptor dye is described as
Here we use an empirical dependence of species weighted average donor lifetime ⟨τ⟩ x on fluorescence weighted average donor lifetime ⟨τ⟩ F as a polynomial with c i coefficients obtained by numerical simulations
In this work we used the following joint parameters, which are common for the two FRET pairs Alexa488/Cy5: Alexa488/Cy5, static FRET line (Fig. 3A, B, D, E, The dynamic FRET line is described as
where  F1 and  F2 are the donor fluorescence lifetimes defining the limiting FRET levels of the respective line. We have assumed that the limiting states of each DA sample remain the same for all NaCl concentrations.
Alexa488/Cy5, dynamic FRET line between HF and LF states with  D(0) =4.1 ns (Fig. 3A, B, D 
Supplementary Note 2: Accessible volume simulations
We model dye distributions by the AV approach (4, 5) according to (2, 3) . The dyes are approximated by a sphere with an empirical radius of R dye , where the central atom of the fluorophore is connected by a flexible linkage of a certain effective length L link and width w link to the nucleobases of the DNA (see figure below) . The overall length of the linkage is given by the actual length of the linker and the internal chemical structure of the dye. A geometric search algorithm finds all dye positions within the linkage length from the attachment point which do not cause steric clashes with the macromolecular surface. All allowed positions are considered as equally probable which allows one to define an accessible volume for the dye (AV). We have used typical parameters for the simulations: Alexa488: L link =20 Å, w link =4.5 Å, R dye =1.5 Å, Cy5: L link =22 Å, w link =4.5 Å, R dye =3.5 Å.
Molecular drawing (A) and sketch (B) for the AV parameters. R dye(i) , L link and w link indicated by arrows.
Supplementary Note 3: Time-resolved fluorescence decay analysis
Sub-ensembleTCSPC
The model function was fit to the experimental fluorescence intensity decays using the iterative reconvolution approach. Here, the model-decay curves were convoluted with the experimental instrument response function (IRF). Furthermore a constant offset c of the fluorescence intensity was considered. The experimental time-resolved fluorescence intensities of the FRET-sample and the donor reference sample are presented as:
Here, sc takes into account scattered light from the sample and x NoFRET -represents fraction of the NoFRET species. The normalized to unit area model functions were scaled by the experimentally measured photon number N 0 . This reduces the number of free fitting parameters by 1.
Model functions
The fluorescence decay of the donor in the absence of acceptor can be multi-exponential due to local quenching. To account for these effects the donor only reference samples were fitted by a multi-exponential relaxation model.
Here are the donor fluorescence lifetime components and the pre-exponential factors.
Multi-exponential donor decays were accounted for in the analysis of the FRET samples by global fitting. We assumed that all donor species are quenched by the same FRET rate constant k RET . This is true if quenching does not change the donor radiative lifetime and when FRET is uncorrelated with the donor quenching. Based on these assumptions, the donor fluorescence intensity decay in the presence of acceptor dye F D(A) (t)
can be factorized into the donor fluorescence decay in absence of FRET and the time-resolved FRET-induced donor quenching ε D(A) (t):
We relate the FRET-induced donor decay to the distribution of distances by the rate-constant of energy transfer as defined by Förster:
Here, R 0r is a reduced Förster-radius, k F -the radiative rate constant of fluorescence and κ 2 is the orientation-factor. The reduced Förster-radius is given by:
where is Avogadro's constant, is the refractive index of the medium and ⋅ ⋅ ⋅ is the overlap integral between , the donor emission spectrum and , the acceptor absorption spectrum. This reduced Förster-radius stresses that the FRET-rate constant is independent of quenching and specific for the dye-pair under the condition that the spectral overlap is independent of dynamic quenching. With these assumptions, the FRET-induced donor decay relates to the distance distribution p(R DA ) by:
Usually the orientation factor can be approximated by an average ⟨κ 2 ⟩≈2/3. We used a reduced Försterradius of R 0r =52 Å which was determined for the donor Alexa488 with a radiative rate constant k F =0.2451 ns -1 and acceptor Cy5.
In the fit we have used continuous distance distributions which are described by a superposition of normal distributions:
Here, ⟨ DA ⟩ is the mean of the state (i) distance distribution with species fraction DA and a halfwidth DA set to a physical meaningful value of 6 Å (flexible dye-linkers) estimated from dye clouds AV simulations. Number of Gaussian distributed distances N was equal to 1 in model M1 and 2 in model M2.
The final analysis model is obtained by substituting eq. 3.5 into eq. 3.4 and eq. 3.4 into eq. 3.3. Finally, the fluorescence intensity decay of the donor in presence and absence of FRET are globally fitted. By the global (joint) analysis of the reference sample and the FRET-sample the photo-physical properties (dynamic quenching) of the donor dye are taken into account.
